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{£) Method of removing nitrogen oxides in exhaust gases from a diesel engine. 



(5?) The present invention concerns a nnethod of 
Ufennoving nitrogen oxides in exhaust gasses from a 
diesel engine (1) by using a catalyst in a reactor (10) 
^ under the presence of annmonia, wherein a humidity 
Jig of intake air as a specific factor and one or more of 
engine power, fuel consumption amount of engine, 
temperature of engine intake air and exhaust gas 
~ temperature as selective factors are measured re- 
spectively as the measuring factors and the flow rate 
®of ammonia is controlled based on measured values 
^and ammonia is supplied to an exhaust gas flow 
LLI channel (11) from the engine (1) to the reactor (10). 
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Method ot removing nitrogen oxides 

BACKUP :^L.Nr Or THE iNVENTiCN 



Tr^--: ;::re3e"ii nven:icfi concerns a "^etnoc 
re'^ :■ . i'lg '-"tgen oxices in exnaust ^ases uow a 

Desc-ifj: jn i-^i P^ior Art 

As a rn-^inro of removing mirogen oxioes in an 
jxicative ain^'oscnere. selective .^eduoing demtra- 
II on me*noa .-smg amnion; a as a reducing ageni 
has oeen nmsicered nnost eftecnve in an oxiaauve 
aimc sphere Since nitrogen o-xices a'^d annnncnia 
are ::rjjgn* 'nio selective reaction free frcnn tne 
ef;ec* of o-.caticn concentrat on m exhaust gases 
arc accorcingiy it has been app^ned generally for 
the fi u^'^oa'iQf" of exnaust gases ^ron^i stationary o^ 
gas gt-nerajcn sources such as boilers m thernno- 
eiecino oc'Aer oi.ints and heat ng ^jrnaces. 

Or :ne ot-^e: hand, ^.arlous exannciles oi apply- 
ing the an^-^onia selective reduction nnethod have 
been l!sc c^seo also *or the recuctiCf" nitrogen 
oxioes in e<haust gases fronn in-ernal oon^bustion 
engines F 3^ instance, there nas been cisclosed, 
for exannpe a nnethod of supplying annrr.onia ^n 
orcp':^rtion A'lth :t^e anncunt o^ fuel consumption ;nto 
exhaust gases 3nd -he resultan' gas mixture is 
passed tnrojgh a reactor charged w.+h a pelletd^ke 
catalyst thereoy removing nitrogen oxide (refer 'o 
Jaoanese Patent Publication Sho 58-501001) 

howeveo n a case of diese' engines, since the 
snarges of engine loads are remarkabte as com- 
oareo w.tn those m ootle^s. and it causes aorupt 
change in me amount of the exhaust gases and the 
concentration of nitrogen oxides, the foregoing pri- 
or art car net attain a sufficient eHect for precisely 
controlling the annount of ammonia n accordance 
with Such cnanges. Accordingly, there has been lefl 
a protj<em m ''emoving nitrogen oxides in exnaust 
gases at a h,gh etficiency and restricting dis- 
charged ammonia as !ow as possible Furtner, effi- 
ciency rem.oving of nitrogen oxides m exhaust gas- 
es IS concerned with a reaction e*'fic;ency m a 
reactor suosianiiaily m a proportional retationsnio 
Then, for innproving the reaction efficiency, it s 
important that ammonia supplied tC' the exnaust 
■gases ^s mixed uniform.ly wtth the nitrogen oxides 
:n the gases 

^hen a m.ixed method using a ouffle plate 
^entjT' or packing has generally been empioyea. 
However, a method of supplying ammonia by dis- 



in exhaust gases from a diese! engine 

0CS:ng a piura-iv nczce courts -o an exnaust 
C'oe at tne jcstream to the ^eactor between a 
suoer'eeaer and :he ^eactcr, an:j a method ana an 
apoaratus fcr suopivmg ammonia thr3-jgh a supply 
-: ocri ;n the 'orm c* a spray nozzle should not hinder 
the ooeration of the engine itself. 

\r. ^nis regard, the rr.ixing meihod o* using the 
butfie piate. ventur: o^ the packing material results 
in the reduction rj an engine cower in a diesei 
'0 engine due to great pressure loss, which worsens 
the fuel ccst o: tne engine and results m a dis- 
advantage 'O tne engine tseif 

Farmer, in the mixing method of dispos:ng a 
oiuranty of nozzles m an exhaust gas fiow channel 
'5 at the ucstream cn the side of the reactor between 
the super feeder and the reactor lor supclying 
ammonia it is dihicjtt to ■jn;fcrmly mix ammonia to 
the exhaust gases, in wmcn tf^e efficiency of re- 
moving nitrogen cxides ir^ tne exhaust gases on a 
CO denitrating cataiyst is rather reduced but not im- 
proved and. accordingiy, this method can not be 
satd to provide a high reaction efficiency 

Further, in the miMng metnod of supplying 
ammonia from the spray nozzte. since dusts con- 
es tamed in the exhaust gases cause clogging to the 
spray port, this mav worsen tne spraying of ammo- 
nia and clog the nozzle to require frequent cleaning 
or diSDiacement of nozzles. 

In addition, in a case of a relatively small sized 
3G diese! engine, it is also important that *he e>haust 
gas Drocessing system, therefor is inexpensive. 

SUMMARY OF THE INVENTION 

.35 

A first object O' the present invention 'S to 
provide a method of removing nitrogen oxides ca- 
pable or efiicientty removing nitrogen oxides in 
exhaust gases from a diesel engine even upon 
40 abrupt changes of the conditions of exhaust gases, 
by bringing the nitrogen oxides into contact with a 
catalyst under the presence of ammonia, capable 
of coping with *ne change of the annount of the 
nitrogen oxides due to the change of the combus- 
ts tion performance of the engine and capab'O of 
lowering ammonia content after the removal of the 
nitrogen o.-ddes as much as posstb'e 

A second object of the present invention is to 
provide a method of removing nitrogen o>ides ca- 
50 pable of conducting without hindering the operation 
of an engine {the foregoing first object) 

A method of removing nitrogen oxides in ex- 
haust gases from a dtesel engine for attaining the 
fust object in accordance with the present invention 
IS adapted for reducing to remove nitrogen oxides 
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in exhaust gases from a diesei engine by using a 
catalyst in a reactor under the presence of annmo- 
nia, wherein hunnidity of in-taken air as a specific 
factor and one or more of engine power, fuel con- 
sumption amount of engine, temperature of engine 
in-take air and exhaust gas temperature as selec- 
tive factors are measured respectively as the mea- 
suring factor, the flow rate of ammonia is controlled 
based on the measured values and ammonia is 
supplied into an exhaust gas flow channel from an 
engine to a reactor. 

In a first aspect of the present invention for the 
method of removing nitrogen oxides in exhaust 
gases from a diesei engine, measuring factor com- 
prises humidity of in-take air. engine power and 
exhaust gas temperature. 

In a second aspect of the present invention for 
the method of removing nitrogen oxides in exhaust 
gases from a diesei engine, measuring factor com- 
prises humidity of in-take air. engine power, ex- 
haust gas temperature, and temperature of engine 
in-take air. 

In a third aspect of the present invention for the 
method of removing nitrogen oxides in exhaust 
gases from a diesei engine, measuring factor com- 
prises humidity of in-take air and fuel consumption 
amount of engine. 

In a fourth aspect of the present invention for 
the method of removing nitrogen oxides in exhaust 
gases from a diesei engine, measuring factor com- 
prises humidity of in-take air, fuel consumption 
amount of engine and temperature of engine in- 
take air. 

In a fifth aspect of the present invention for the 
method of removing nitrogen oxides in exhaust 
gases from a diesei engine, ammonia is supplied in 
an exhaust gas flow channel between a super- 
charger and a reactor on the downstream thereto. 

Further, in a sixth aspect for attaining the sec- 
ond purpose of the present invention for the meth- 
od of removing nitrogen oxides in exhaust gases 
from a diesei engine, ammonia is supplied to an 
exhaust gas flow channel on the upstream to a 
supercharger. 

According to the study made by the present 
inventions, it has been found that the total amount 
of nitrogen oxides discharged from a diesei engine 
is increased or decreased substantially in propor- 
tion with the engine power, fuel consumption 
amount of engine, temperature of engine in-take air 
and exhaust gas temperature as shown in Figs. 1 
to 4. as well as decreased or increased in propor- 
tion with the humidity of in-take air as shown in Fig. 
5, respectively. 

That is, as shown in Fig. 1 to 3, since the 
discharge amount of nitrogen oxides is in propor- 
tion with the engine power, fuel consumption 
amount of engine and the engine exhaust gas 



temperature, the amount of ammonia to be sup- 
plied can be controlled by supplying ammonia in 
accordance with the engine power, fuel consump- 
tion amount of engine and exhaust gas tempera- 
5 ture. However, since the concentration of the nitro- 
gen oxides undergoes a remarkable effect of at- 
mospheric conditions, that is, not only the exhaust 
temperature but also humidity of in-take air, it is 
important to measure the temperature and the hu- 
w midity of in-take air and further correct the dis- 
charge amount of nitrogen oxides based on the 
measured values. 

tn particular, in a case of controlling the 
amount of ammonia supplied depending on the 
15 engine power, since the correlationship between 
the discharge amount of the nitrogen oxides and 
^he engine power changes with lapse of time due 
to the contaminations to the engine or the super 
charger, it is necessary to measure the tempera- 
20 ture of engine exhaust gases as shown in Fig. 4 
and correct the discharge amount of the nitrogen 
oxides depending on the measured value. 

Accordingly, the total amount of the nitrogen 
oxides discharged from the engine is directly de- 
25 termined by measuring the engine power, fuel con- 
sumption amount of engine, exhaust gas tempera- 
ture, temperature and the humidity of the in-take air 
and the amount of ammonia supplied is determined 
in proportion with the thus obtained total discharge 
30 amount of the nitrogen oxides. 

It has thus been confirmed that even if the 
discharge amount and the concentration of nitrogen 
oxides change abruptly, an optimum amount of 
ammonia can be supplied correctly with no time 
35 delay in proportion with the discharge amount and 
the concentration and the nitrogen oxides in the 
exhaust gases can effectively be removed, and the 
residual ammonia in the exhaust gases after the 
removal of the nitrogen oxides can be reduced as 
40 much as possible. 

Further, it has also been confirmed that, by 
supplying ammonia under flow rate control to the 
exhaust gas flow channel at the upstream of the 
supercharger, the nitrogen oxides in the exhaust 
45 gases and ammonia are sufficiently mixed pre- 
viously before leaching the reactor thereby en- 
abling to improve the reaction efficiency and further 
enhance the efficiency for removing the nitrogen 
oxide. 

50 

DESCRIPTION OF THE ACCOMPANYING DRAW- 
INGS 

55 Fig. 1 is a graph illustrating a relationship 

between a power of a diesei engine and a dis- 
charge amount of nitrogen oxides; 

Fig. 2 is a graph illustrating a relationship 



3 

BNSDOCID: <EP „03ei 236A1 ^l_> 




EP 0 381 236 A1 



^ c 3 'S a graph i'us'-'at'ng a ^elaiionsmD 
zev^-e-'' a ^eea :eprperatjre z' a Z'Ose o^gi^e an:: 
a zcj^'CfjrTr^i,-n ni!rGg6n c>ice. 

"■g 4 iS a grapn Mius'-ating a ^eia^onsmp 
oetween an e/haust gas iemoeratu''e ana a ais- 
:r-arge annoLn* zi nt'ogen o^iae" 

~!a 5 s a g^acn .;ius*'"aTing a ^eiat;onsnip 
::'et'A'et:-r an acsa.ijie -^u^tditv in-take air a 
ciesel e-^gine and a concentranon or nitrogen ox- 

I'ZS 

^;g 6 IS a sc^ennaiic vic-w of a aiese' engine 
c'Cuipped A'l'h an exhaust gas ourifymg oevioe 'or 
conOuoting the nneihod as tho* first aspect of the 
:.:rO£ent invention: 

^H':; ^ s a schien^.at'C view of a oiese! engine 
-jqjioc-ec witn an rr>:haust gas our i tying dovse foi 
ccind^jc^'ng t^e nne-hod as the second asoect of rhe 
:Ti-sen* nven! 0'f^ 

Fig 3 IS a scr^en-iatic view o^ a aiesel engine 
^-ooipfed wit^- an e>haust gas purifying device for 
condL.(:ting *ne nnethoc as the third aspect of the 
p'':-3ent invention, 

F-g 9 IS a 3:hennaT^c view of a diesei engine 
eooipced A'lth an exnaos' gas purifying device for 
oonductir.g the nnethod as the fourth asoect of the 
[:tresert inven*ion, 

F-g 10 (s a schennatic vew of a diesei 
eng;ne equipoed wiih an e-haust gas punfving 
device ro^ conducting the nnethod as the first and 
s.xth asoect:; of the present invention. 

Fig 11 IS a schennat-c view of a diesei 
engine equ cped with an e-haust gas purifying 
device conducting the nnethod as the second 
and s:-:*h aspects of the present invention: 

F^g 12 IS a schennat'C view of a diesei 
engine eou'poed with an e-haust gas punf/ing 
device for conducting the nnethod as the third and 
:5!>th ascects of the present invention, and 

F. 5 13 IS a schennatic view of a diesei 
engine equipoed with an exhaust gas purifying 
device for conducting the method as the fourth ana 
si-th aspects of the present invention 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The present invention is to be aescnbec nnore 
io detaits 

An e>haust gas purifying jevice 2 equipped to 
an engine nnam body 1 shown m F;g. 6 illustrates 
an exann.Gie deveiopec for practicing the ^rst as- 
cec* accord. ng to the present invention, in whicn a 
p-C'wer meter 3 or a power proportional signalling 
cevce 5 'or a dnven machine 4 ts disposed to the 
engine m.ain booy 1 and an exhaust gas tempera- 
ture detectc"- 8, a supercharger 9 ana a reactor lO 



^udher. a-^ am^mcnia transport Dice 13 is con- 
'^.zc:ea to an ammonia ■oiection ^czzie '2 disposed 
-J. .'^ an exhaust gas flow channel 11 ,n the exnausi 
0 pe " a* tne jost^eari^ :o a reactor " 0. and an 
am.mor'ia control -/alve 14 and an ammonia flow 
mieter 15 are aisposed to :^:e ammon-a transport 
Cioe 13. as vveii as an am.monia '.'essei 16 is 
:onnected witn the pioe 13 

Then the power nneter 3 or the pcwB' oroDOr- 
ti.jna! Signalling aevice 5. the e>naLJSt gas temoera- 
:;,re detector 8 and a temperature detector 17 *or 
measunng the humid tv or m-iaKe air m the engine 
'5 main bC'dy i are connected to a calculator i8 
Anion iS connected by way of a ratio setter 19 anc 
an ammonia flow -ate rontrolle^ 20 to the ammonia 
control valve 1 4 

Tha* IS in response to the load of the engine 
m.am body 1. respect ve signals from, the engine 
power me-er 3 or the power proportional signalling 
cevice 5, 'he exhaust gas temperature aetector 8 
and the temperature detecor 17 for the in-take air 
are inputted into the calculator 18. In the calculator 
25 18. the total discharge amount ot the nitrogen ox- 
'>:ies !S :alculated and a signal is inputted into the 
ratio setter 19, m which the amount of am.monia to 
be suopiied is determined based on an 
ammonia nitrogen oxide ^atio previously set by the 
30' ratio setter 19 

The output from tne ratio setter 19 is inputted 
as an ammonia fiow rate signal into the ammonia 
flow rate controller 20 tc control the ON-OFF of the 
ammonia control valve 14 and control the amount 
35 of ammonia to be mi>ed with exhaust gases flown 
into the reactor 1 0. 

The exhaust gases are flown from the manifold 
6 tiy way of the exhaust pipe 7 into the reactor 10 
chargea with a catalyst 21, 
^0 Ammonia is supplied from the ammonia vessel 

■6 by way of the ammonia transport pipe 13 and. 
after controlled to an optimum flow rate by the 
ammoma control valve 14. mixed from the ammo- 
nia ;njecr0n nozzle 12 with the exhaust gases in 
^5 the exhaust pipe 7 and, after mixed and dispersed 
as requireij by a gas diffusion plate 22, passed 
through the catalyst 2i to reduce and eliminate the 
nitrogen oxides ;n the exhaust gases. 

Then, the amount of ammonia supplied is de- 
50 ;ermined in proportion with the amount of the con- 
centrati'Dn of the nitrogen oxides in the exhaust 
gases oetermined based on the measured values 
tor the humidity of the in-take air the engine power 
and the e<haust gas temperature, by whicn ammo- 
55 ma is supolied at a more exact optimal amount with 
a good responsivity corresponding to the total 
.amount or the nitrogen oxides m the exhaust gas- 
es, by which the nitrogen oxides can always be 
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removed efficiently in accordance with the engine 
load and residue of annmonia after the removal can 
be suppressed as much as possible. 

The present invention is to be explained next 
referring to the examples but the invention is not 
restricted only to these examples. 



EXAMPLE 

A Ti02 honeycomb catalyst containing 2% by 
weight of V2O5 and 7% by weight of WO3 (3.2 mm 
diameter corresponding to 150 mm square, 0.6 mm 
ceil wall thickness and 450 mm length) was 
charged by 6 x 6 in two layers to a reactor in 
communication with the exhaust pipe 7 of an elec- 
tric power generating diesel engine. The calculator 
18 and the ratio setter 19 were operated by the 
device 2 so that the ammonia/nitrogen oxide molar 
ratio was 0.85 and ammonia was injected into the 
exhaust gases in the exhaust pipe, and the engine 
was operated while varying the exhaust gas pro- 
cessing amount from 3,500 to 5,500 Nm-^hr, the 
exhaust gas temperature from 380 to 430 "C and 
the nitrogen oxide concentration at the inlet from 
700 to 950 ppm. In this case, the denitration ratio 
was 83 to 86% and the ammonia concentration m 
the exhaust gases at the exit of the reactor was 0 5 
to 1 .0 ppm. 

It can be understood from the above that the 
method is excellent in that it can remove nitrogen 
Qxides at high efficiency with less variation range 
for denitration ratio and with extremely less ammo- 
nia discharge, which would other wise cause sec- 
ondary public pollution. 

An exhaust gas purifying device 31 equipped 
with an engine main body 30 shown in Fig. 7 
illustrates an example developed for practicing the 
second aspect of the present invention, in which a 
power meter 32 or a power proportional signalling 
device 34 for a driven machine 33 are disposed to 
the engine main body 30, and an exhaust gas 
temperature detector 37, a supercharger 38 and a 
reactor 39 are disposed to an exhaust gas pipe 36 
in communication with a manifold 35 of the engine 
main body 30. Further, an ammonia transport pipe 
42 is connected with an ammonia injection nozzle 
41 disposed to an exhaust gas flow channel 40 m 
the exhaust pipe 36 at the upstream to the reactor 
39, and an ammonia control valve 43 and an am- 
monia flow meter 44 are disposed to the ammonia 
transport pipe 42. as well as an ammonia vessel 45 
is connected to the pipe 42. Further, a feed tem- 
perature detector 47 is disposed to feed pipe 46 
for connecting the supercharger 38 with the engine 
main body 30. 

Then, the power meter 32 or, the power pro- 
portional signalling device 34, the exhaust gas tem- 



perature detector 37, the feed temperature detector 
47 and a humidity detector 48 for measuring the 
humidity of in-take air of the engine main body 30 
are connected with a calculator 49, which is con- 
5 nected by way of a ratio setter 50 and an ammonia 
flow rate controller 51 to the ammonia control valve 
43. 

That is, in response to the load of the engine 
main body 30. the respective signals from the 
TO engine power meter 32 or the proportional signal- 
ling device 34. the exhaust gas temperature detec- 
tor 37, the feed temperature detector 47 and the in- 
take air humidity detector 48 are inputted into the 
calculator 49. In the calculator 49, the total dis- 
;5 charge annount of the nitrogen oxides is calculated 
and a signal is inputted into the ratio setter 50, in 
which the amount of ammonia to be supplied is 
determined based on a ammoniamitrogen oxide 
ratio previously set by the ratio setter 50. 
20 Then, the output from the ratio setter 50 is 

inputted as an ammonia flow rate signal into an 
ammonia flow rate controller 51. which controls 
ON-OFF of the ammonia control valve 43 and 
control the amount of the ammonia to be mixed 
25 with exhaust gases flowing into the reactor 39. 

Exhaust gases are flown from the manifold 35 
by way of the exhaust pipe 36 into the reactor 39 
charged with a catalyst 52. 

Ammonia is supplied from the ammonia vessel 
30 45 by way of the ammonia transport pipe 42 and, 
after controlled to an optimal flow rate by the 
ammonia control valve 43, mixed by way of the 
ammonia injection nozzle 41 in the exhaust pipe 36 
into exhaust gases and mixed and dispersed as 
35 required by a gas dispersion plate 53, passed 
through the catalyst 52 and reduces to remove 
nitrogen oxides in the exhaust gases. 

Thus, the amount of ammonia supplied is de- 
termined in proportion with the amount and the 
40 concentration of the nitrogen oxides in the exhaust 
gases determined based on the measured values 
for the humidity of in-take air, engine power, ex- 
haust gas temperature and feed air temperature, by 
which ammonia in a more exact optima! amount 
45 can be supplied with good responsivity to the total 
amount of the nitrogen oxides m the exhaust gas- 
es, and the nitrogen oxides can be always removed 
at a high efficiency corresponding to the engine 
load and the residue of ammonia after the removal 
50 can be suppressed as much as possible. 

This invention will now be described more in 
details referring to example but the invention is not 
limited only to these example. 

55 

EXAMPLE 

A Ti02 honeycomb catalyst containing 2% by 
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~e.l .'-a: :Knes3 ana 4-50 -as 
cnar^cri c - 6 tn r.vc 'avers 'o *:r-e t^^e ^eactjr 39 
n rcr^^^u"^ :.a!'Gn with the exhaust C'ce 36 a 
oiectr'C pc-ver generating diesei engine 

Tne cac^'ator 49 anc tne nat'O sere^r 50 were 
joe-a'ec e. *ne levice 31 so tnai '^e 
amnrionia nitrogen Q-^iae nnoiar ratio was 0 85 an :l 
an", on 1 3 //as injected into :ne e/nau?! gases m 
tne e^naLSi p oe. ano tne engine was cce'-ate:! 
wr^iie .''arv^ng the exhaust gas pirocess ng amoun: 
uorr' 3.500 to 5.500 Nnn- hr, the exhaust gas ten^- 
perature tio^ 380 to 430 ' C: anc tne nitrogen Dx:de 
ooncentf anon at tne miet fr^n^^. ''OO to 950 opnn !n 
this oaise. the cenftraticn ratio was 84 ro 86 and 
■re arT;ri^-cn:a cencentratiC'n m tne exna^st gases a: 
the e.^i* :;t tne reactor was 0.5 tc 0 8 pprri. 

it can oe understood r^om the above that tne 
nnetncd s e-celient in *nat ;t .:;an rervio^e tne nitro- 
gen 0Ai":es at a nigh efficiency with less vanaticn 
range denit^ation -^atio w:th extrenneiy 'ess ann- 
'T^onia ilischarge. /vh ch wouM o tne-' wise :ause 
seconca'v ojOdC pctlufion 

An exhaust gas purifying device 61 equipped 
w-ith an engir^e main body 60 shown in Fig 8 
I'ustrau:-:, an exannple developed ^cr pract'Cing the 
th'rd aspeo: o' tne present invention and a suoer- 
oharger 64 and a reactor 65 are disposed \o an 
exhaust gas oipe 63 in connnnunication with a nnani- 
told 62 Further an ammonia Tanspo"* pipe 68 is 
connected to an ammonia injection no::2ie 67 dis- 
posed in an exnaust gas fiow cnanne: 66 m the 
exhaust ;:'!oe 63 at the upstream to the reactor 65. 
and an ammicnia control valve 69 and an ammonia 
flow r-'.eter 70 are disposed to the ammonia trans- 
p^ort oit.-e 68 as well as an ammonia vessel 71 is 
ccnnec'ec tD tne pipe 68. 

Theri a 'Uil flow meter 72 tor measuring the 
consumotion amount of fuel suopiied to the engine 
mam b:dy 50 a humidity detector 73 tor measur- 
ing the humidity or in-take air of the engine mam 
body 60 are connected with a caiculator 74, which 
IS connected oy way ot a ratio setter 75 and an 
ammonia flow rate controller 76 to an ammonia 
control valve 69. 

That IS m -esponse to the load of the engine 
mam body 60. tne respective signals f^om the fuel 
flow meter 72 and the in-take air humidity detector 
73 are inputted tnto the calculator 74 In the cai- 
culator 74, *ne total discharge amount of the nitro- 
gen o-'^ides IS calculated and a signa' is inputted 
m,to *ne --atiO setter 75, m which the amount of 
amm.cn a to be supplied is deternnined oased or an 
ammona nitrogen oxide ratio previously set by the 
rat'O se7er ^5 

Then the output from the ratio setter 75 is 
moutTed as an ammonia flow rate signal into an 



Oii-GFF :^ --e a'^^i^.a c:'M^oi .ave 69 and 
rcr^trc.s amc^nt of me ammcr;a m.ixed :n tre 
C'^mausi gases nowmg '^to tne teac*cr 65 

E>naus; oases are 'iown 'rem tne manifcid 62 
cy way of *he exnaust oioe 63 mtc tne ^eactor 65 
r-^arged wan a cataiyst ^7 

Anm.onia -s Socciied fronn tne ammonia vessei 
^1 Oy way o: the ammonia transport pipe 68 and, 
af^er :ontr3iK--d to a^ optimal flow ^ate by the 
am,monia ccrrroi .aive 69. mnxed way o-' tne am- 
m.jhia miecticn nczzie 67 mto tne exhaust gases m 
the onaus* fnoe 63 and mixed and dispersed as 
required tv a gas dispersion plate 78, passed 
through the :ataiyst 77 and tnen reduces to re- 
miC've the nitrogen oxides ;n exhaust gases. 

Tnen. *he amcun^. C'f ammonia supplied is de- 
termined m oropcrticm witn the amount and the 
concentration of the mfogen oxides m the exhaust 
gases cete''miir";ec tiased on the measured values 
for tne numiCity of m-take air and the fuel con- 
sumption amount of tne engine, by which amm.onia 
at a mc^e e>act optima: amount can be supplied 
w.th gojd responsivity to the total amount of the 
nitrogen o>:ides in tne exhaust gases, and the nitro- 
gen o^'des :an be always removed at a high 
e'ticiency n accordance with the engine load and 
the residue of ammonia after removal can be sup- 
cessed as mucn as oossible 

This .nveniion wll now be explained referrmg 
to an e-amoie but the invention is not limited only 
t(j tne example 

e:^ample 

A T,0: i^oneycoiT^b catalyst containing 2% by 
weight of VzOc and T^o by weight of WOi (3-2 mm 
diameter cor-esponoing to 150 mm square, 0.6 mm 
cell wall thickness and 450 mm length) was 
Charged by 6x6 m two layers to the reactor 65 in 
communication /vith the exhaust pipe 63 of a elec- 
tric power generating ciesei engine. 

The calculator 74 and the ratio setter 75 were 
operated by the device 61 so that the 
annm.onia nitrogen oxide molar ratio was 0,85 and 
amm.onia was mjected into the exhaust gases m 
the exnaust pipe, and the engme was operated 
while varying the exhaust gas processing amount 
from. 3 500 '0 5.500 Nm' hr. the exhaust gas tem- 
perature from 380 to 430 ' C and the nitrogen oxide 
c jhcentration at the mIet from 700 to 950 ppm. In 
^his case, the oemtration ratio was 83 to 86% and 
tne ammonia concentration in the exhaust gases at 
the e>it of the reactor was 0 5 to 1.0 ppm. 

It can be understood from the above that the 
rmethod is e<ce!lent m that it can remove the nitro- 
gen oxides at a high efticiency with less variation 
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range for the denitratton ratio, with extremely less 
ammonia discharge, which would otherwise cause 
secondary public pollution. 

An exhaust gas purifying device 81 equipped 
with an engine main body 80 shown in Fig. 9 
illustrates an example developed for practicing the 
fourth aspect of the present invention, and a super- 
charger 85 and a reactor 85 are disposed to an 
exhaust gas pipe 83 in communication with a mani- 
fold 82 of the engine main body 80. Further, an 
ammonia transport pipe 88 is connected to an 
ammonia injection nozzle 87 disposed in an ex- 
haust gas flow channel 86 in the exhaust pipe 83 at 
the upstream to the reactor 85, and an ammonia 
control valve 89 and an ammonia flow meter 90 are 
disposed to the ammonia transport pipe 88, as well 
as an ammonia vessel 91 is connected to the pipe 
88. Further, a feed air temperature detector 93 is 
disposed to a feed air pipe 92 for communicating 
the superfeeder 84 with the engine main body 80. 

Then, a fuel flow meter 94 for measuring the 
consumption amount of fuel supplied to the engine 
main body 80, a feed air temperature detector 93, 
a humidity detector 93 for measuring the humidity 
of in-take air of the engine main body 80 are 
connected with a calculator 96, which is connected 
by way of a ratio setter 97 and an ammonia flow 
rate controller 98 to an ammonia control valve 89. 

That is, in response to the load of the engine 
main body 80, respective signals from the fuei flow 
meter 94. the feed air temperature detector 93 and 
the in-take air humidity detector 95 are inputted 
into the calculator 96. In the calculator 96. the total 
discharge amount of the nitrogen oxides is cal- 
culated and a signal is mputted into the ratio setter 
97, in which the amount of ammonia to be supplied 
is determined based on an ammonia/nitrogen oxide 
ration previously set by the ratio setter 97. 

Then, the output from the ratio setter 97 is 
inputted as an ammonia flow rate signal into an 
ammonia flow rate controller 98, which controls 
ON-OFF of the ammonia control valve 89 and 
controls the amount of the ammonia mixed in the 
exhaust gases flowing into the reactor 85. 

Exhaust gases are flown from the manifold 82 
by way of the exhaust pipe 83 into the reactor 85 
charged with a catalyst 99. 

Ammonia is supplied from the ammonia vessel 
91 by way of the ammonia transport pipe 98 and, 
after controlled to an optimal flow rate by the 
ammonia control valve 89, mixed by way of the 
ammonia injection nozzle 87 into the exhaust gases 
in the exhaust pipe 83 and mixed and dispersed, 
as required, by a gas dispersion piate 100 and 
passed through the catalyst 99 and then reduces to 
remove the nitrogen oxides in exhaust gases. 

Then, the amount of ammonia supplied is de- 
termined in proportion with the amount and the 



concentration of the nitrogen oxides in the exhaust 
gases determined based on the measured values 
for the humidity of in-take air, the fuel consumption 
amount of engine, and the feed air temperature, by 

5 which ammonia at a more exact optimal amount 
can be supplied with good responsivity to the total 
amount of the nitrogen oxides in the exhaust gas- 
es, and the nitrogen oxides can be always removed 
at a high efficiency in accordance with the engine 

JO load, and residue of ammonia after the removal can 
be suppressed as much as possible. 

This invention will now be explained referring 
to an example but the invention is not limited only 
to the example. 

15 

EXAMPLE 

A Ti02 honeycomb catalyst containing 2% by 
20 weight of V2O5 and 7% by weight of WO3 (3.2 mm 
diameter corresponding to 150 mm square, 0.6 mm 
cell wall thickness and 450 mm length) was 
charged by 6 x 6 in two layers to the reactor 85 in 
communication with the exhaust pipe 83 of a elec- 
25 trie power generating diesei engine. 

The calculator 96 and the ratio setter 97 were 
operated by the device 81 so that the 
ammonia/nitrogen oxide molar ratio was 0.85 and 
ammonia was injected into the exhaust gases in 
30 the exhaust pipe, and the engine was operated 
while varying the exhaust gas processing amount 
from 3,500 to 5.500 Nm^/hr, the exhaust gas tem- 
perature from 380 to 430 ' C and the nitrogen oxide 
concentration at the inlet from 700 to 950 ppm. In 
35 this case, the denitration ratio was 82 to 85% and 
the ammonia concentration m the exhaust gases at 
the exit of the reactor was 0.4 to 1.1 ppm. 

It can be understood from the above that the 
method is excellent in that it can remove the nitro- 
40 gen oxides at a high efficiency with less variation 
range for the denitration ratio, with extremely less 
ammonia discharge, which would otherwise cause 
secondary public pollution. 

An exhaust gas purifying device 111 equipped 
45 with an engine main body 110 shown in Fig. 10 
illustrates an example developed for practicing the 
first and the sixth aspects of the present invention, 
in which a power meter 112 or power proportional 
signaling device 114 for a driven machine 113 is 
50 disposed to the engine main body 110. while an 
exhaust gas temperature detector 117, a super- 
charger 118 for compressing m-take air and a 
reactor 119 are disposed to to an exhaust gas pipe 
116 tn communication with a manifold 115. 
55 The supercharger 118 has a known mechanical 

structure for compressing air supplied to an engine 
by utilizing the pressure of exhaust gases for en- 
abling the engine power to be increased, in which a 
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'20 i'^c 3 c C'A'er c!ace zn :ne s^^e a;" 
'o-:-c^^g 2^- :?rn9C*eG oy way of a sratt ano. w^en 
'..^C'^i:- oia'iie the s--:^e of -ne exnaust oas 
* c 'V :narpei 1 20 is rotatea under the pressure cf 

e-'^a^s: gases, the ioiower ciaae c-n the 3 c!e 
the a ' feeding :s aiso rotatea to comoresb. the ip- 
■ 3^- e air '0^ the engine 

Fijr^ner an anrinnonis transport pice 122 con- 
r'ezteo tc an annn^.cnia ipjeonon nozzle ".21 ois- 
c csed 'n an e>'naust gas Mow channel 120 the 
e.^naust o;pe 116 at the upstrea,^ -q the suoer- 
c^arge^ 'i8 and an annnnonia coni'ol vai/e 123 
a^ :^ an a-nn^.onia Mow nneter 124 are discosea t: 
tn- a^n mania 'ran sport pipe 122. as /veM as an 
a n"i 0 I a /essel 125 is c onnecteo to 'ne pif-'^^ 122 

Then the power nneter 1i2 or the power orc- 
r-r-iicnal ':;igna;ing device the exha.,st gas 

temoe-atLi-e detector 117 and a hun^.idity ::etectc' 
'26 tor n-easuring *ne hunnidity of in-'ake ai' o' the 
engine nr-am body 110 are connected wth a ca- 
':L:;aTO' 12^ .vhich IS connected Py way rj a ratio 
setter 128 and an amrrionia tlow rate contr.-j'ief i 29 
io an ammonia con'rol valve 123 

T^tat IS :n f-esponse to 'he load of the- engme 
rram oody iiO respective signals from the fuei 
few meter 112 or the proportional signalinig devise 
' '4, ihe exhaust gas temperature oetector i 17 anc 
•no in-tare air hurmdi'y detector 126 are mputred 
into the catcjiator 127. In the calculator i27 the 
To-a! discharge amount of the nitrogen o>ides s 
calculated and a signal is mputtec into tne rat'O 
setter 128 ic wnich the amount af ammon a to oe 
SLiOpned s determined oased on an 
ar^imonia nitrogen omob ration orev-ously set Py 
tr e ratio setter l 28 

Then, the output from the ratio setter 128 s 
inout:ec as an ammonia flow rate signa' into an 
ammonia ticw rate controller 129, which controls 
C'N-O^^F of the ammonia contrcil vaive i23 ana 
isi-ntrC'is the amount ot the ammionia m)>ed m the 
exhaust gases flowing into the reactor 119 by wav 
o^ the supercharger 118 

E<haust gases are flown from the mantfoid 1 i5 
Dv way C't the exhaust pipe 116, through the super- 
sharger 118. mto the reactor 119 charged with a 
:ata;ysr i 30 

Amnnonia is supplied from the ammonia vessel 
125 by way of the ammonta transoort Ofpe 122 
and ar:er controlled ta an optimal flow rate oy the 
3mmc)nia control valve 123, mi>ed by way of 'he 
amm,onia msection nozzle 121 into the exhaust gas- 
es in the exhaust gas flow channel 1 20 at ihe 
uostream: to the supercharger 118, suhicienMy 
mived and stirred with the exhaust gases by 'he 
turbire blaoe of the supercharger 118, and mi>ed 
and dispersed as required by a gas dispers-on 
p-ate 131 entered into the reactor 11 9 and passed 



.>-.'e tre ^^itn.:gen s-'iOes - *'^e exnaus: aases 
Tnen the amcj^r or am-^onia suDphed iS de- 
te-mir-ea n c^ccc^: on win tne amount ana the 

5 ^centra! on of rne mrrcger oxides .n the exnaust 

;ases dete^r^med cased or +ne m,easured values 
*0' the num.iGity of in-take air, engine power, and 
e;^naust gas temoerature. ov v\nicr: ammonia at a 
more exact cctimai amourt can oe supohed, with 

'0 gcod responstvity tc the tctai amount of the nitro- 
gen D>*ides. to the uostream of the suoercharger in 
the exnaust gas Moa cnannels and sufficiently and 
ur'Tcrmiy "",!xed ir^ the course of oassing through 
Ihe supercharger and then Mown to the reactor. 

•5 Accordingly, the nitrogefi oides can always oe 

remcved ehficiently n resDonse to the engine load 
vv-Tnr:ut nmdermg the movement of the diese! en- 
gme and with an improvec reaction efficiency in 
the -eactor, as well as res due of ammonia after 

::j remc'val can be suporessed as much as possible 

^he present invention will be e>plainec refer- 
rifva to an e<amo.e but the invention is not re- 
str ;:*ed only :-j the example 

E.- AMPLE 

A TiO: n.jneycomb catalyst containing 2°o by 
vV'/ight cf V:0: ana 7=o by weight of WO3 (3.2 mm 

30 d.a.meter rorresponding to 150 mm square. 0 6 mm 
cell wall thickness and 450 mm length) was 
charged by 6 x 6 in two layers :o the reactor 1 19 in 
cc mmunicatton with •'he e<haust pipe 116 of a 
e'ec*ric oower generating diesei engine. 

35 The calculator 121 and the ratio setter 128 

wr:re operated by the device ill so that the 
ammoniamitrogen c><ide molar ratio was 0.85 and 
ammonia was injected into the exhaust gases in 
tne e>:haust ptpe, and the engine was operated 

4G -\hile varying the exhaust gas processing amount 
from 3.500 to 5.500 Nm^ hr the exhaust gas tem- 
perature trom 380 to 430 ' C and the nitrogen oxide 
cc'ncentration at the inlet from 700 to 950 ppm. 

in this case, tne demtration ratio was 83 to 

45 86'^o and the ammonia concentration in the exhaust 
gases at the e<it of the reactor was 0.5 to 1 .0 ppm. 

It can be understood from the above that the 
method is excellent m that it can remove the nitro- 
gen oxides at a high efficiency with less variation 

50 ^ange for the denitration ratio, with extremely less 
am.r^onia discharge, which would otherwise cause 
secondary public pollution, as weti as the reaction 
efficiency on the dinttrating catalyst in the reactor 
iS high since the nitrogen oxides in the exhaust 

55 oases are previously mixed suhficientiy and uni- 
formly and the engine power is not reduced. 

An exhaust gas punfymg device 141 equipped 
with an engme mam body 140 shown m Fig. 11 
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illustrates an example developed for practicing the 
second and the sixth aspects of the present inven- 
tion, in which a power meter 142 or power propor- 
tional signaling device 144 for a driven machine 
143 is disposed to the engine main body 140, 
while an exhaust gas temperature detector 147, a 
supercharger 148 for compressing in-take air and a 
reactor 149 are disposed to an exhaust gas pipe 
146 in communication with a manifold 145 of the 
engine main body. 

The supercharger 148 has a known mechanical 
structure for compressing air supplied to an engine 
by utilizing the pressure of exhaust gases for en- 
abling the engine power to be increased, in which a 
turbine blade on the side of an exhaust gas chan- 
nel 150 and a blower blade on the side of air 
feeding are connected by way of a shaft and, when 
the turbine blade on the side of the exhaust gas 
flow channel 150 is rotated under the pressure of 
the exhaust gases, the blower blade on the side of 
the air feeding is also rotated to compress the in- 
take air for the engine. 

Further, an ammonia transport pipe 152 is con- 
nected to an ammonia injection nozzle 151 dis- 
posed in an exhaust gas flow channel 150 in the 
exhaust pipe 146 at the upstream to the super- 
charger 148, and an ammonia control valve 153 
and an ammonia flow meter 154 are disposed to 
the ammonia transport pipe 152, as well as an 
ammonia vessel 155 is connected to the pipe 152. 
Further, a feed air temperature detector 157 is 
disposed to a feed air pipe 156 for communication 
of the supercharger 148 with the engine main body 
140. 

Then, the power meter 142 or the power pro- 
portional signaling device 144. the exhaust gas 
temperature detector 147, the feed air temperature 
detector 157 and the humidity detector 158 for 
measuring the humidity of in-take air of the engine 
main body 140 are connected with a calculator 
159, which is connected by way of a ratio setter 
160 and an ammonia flow rate controller 161 to the 
ammonia control valve 153. 

That is, in response to the load of the engine 
main body 140. respective signals from the engine 
power meter 142 or the proportional signaling de- 
vice 144, the exhaust gas temperature detector 
147, feeder air temperature detector ^57 the in- 
take air humidity, and detector 158 are inputted 
into the calculator 159. In the calculator 159. the 
total discharge amount of the nitrogen oxides is 
calculated and a signal is inputted into the ratio 
setter 160, in which the amount of ammonia to be 
supplied is determined based on an 
ammonia/nitrogen oxide ratio previously set by the 
ratio setter 160. 

Then, the output from the ratio setter 160 is 
inputted as an ammonia flow rate signal into an 



ammonia flow rate controller 161, which controls 
ON-OFF of the ammonia control valve 153 and 
controls the amount of the ammonia mixed in the 
exhaust gases flowing into the reactor 149 by way 
5 of the supercharger 148. 

Exhaust gases are flown from the manifold 145 
by way of the exhaust pipe 146, through the super- 
charger 148, into the reactor 149 charged with a 
catalyst 162. 

w Ammonia is supplied from the ammonia vessel 

155 by way of the ammonia transport pipe 152 
and, after controlled to an optimal flow rate by the 
ammonia control valve 153, mixed by way of the 
ammonia injection nozzle 151 into the exhaust gas- 

75 es in the exhaust gas flow channel 150 at the 
upstream to the supercharger 148. sufficiently 
mixed and stirred with the exhaust gases by the 
turbine blade of the supercharger 148, and mixed 
and dispersed as required by a gas dispersion 

20 plate 163, entered into the reactor 149 and passed 
through the catalyst 162 and then reduces to re- 
move the nitrogen oxides m the exhaust gases. 

Then, the amount of ammonia supplied is de- 
termined in proportion with the amount and the 

25 concentration of the nitrogen oxides in the exhaust 
gases determined based on the measured values 
for the humidity of in-take air. engine power, and 
exhaust gas temperature, by which ammonia at a 
more exact optimal amount can be supplied, with 

30 good responsivity to the total amount of the nitro- 
gen oxides, to the upstream of the supercharger in 
the exhaust gas flow channels, and sufficiently and 
uniformly mixed in the course of passing through 
the supercharger and then flown to the reactor. 

35 Accordingly, the nitrogen oxides can always be 
removed efficiently in response to the engine load 
without hindering the movement of the diesel en- 
gine and with an improved reaction efficiency in 
the reactor, as well as residue of ammonia after 

40 removal can be suppressed as much as possible. 

The present invention will be explained refer- 
ring to an example but the invention is not re- 
stricted only to the example. 

45 

EXAMPLE 

A Ti02 honeycomb catalyst containing 2% by 
weight of V2O5 and 7% by weight of WO3 (3.2 mm 

50 diameter corresponding to 150 mm square, 0.6 mm 
cell wall thickness and 450 mm length) was 
charged by 6 x 6 in two layers to the reactor 149 m 
communication with the exhaust pipe 146 of a 
electric power generating diesel engine. 

55 The calculator 159 and the ratio setter 160 

were operated by the device 141 so that the 
ammonianitrogen oxide molar ratio was 0-85 and 
ammonia was injected into the exhaust gases in 
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pe^3:^re ^''c:^ 330 t3 430^ C anc n^e nitrogen oxioe 
ccncentraiicn a* ihc iniet tr^m ^'OO to 950 ofinn 

■n ^n,s :ase '"^e :^en!:' atiC'n rat o ^vas 64 :c 
86"i and t^^e an^imc-ma corceniration -n the e^«naust 
gases a* tne e^-it of tne reactor was 0 5 tc 0 3 pp-^ 

:t :an ze ^njerst:Gd fr 3rr: tne acove that rre 
nnethoc 'S excellent ir. that 't car fenncve 'he n::ro- 
gen n^ioes at a ni^n ef*icienc/ wth less oanaticn 
ranae *he rien't ration ranc. .vih e/tren^elv 'ess 
ammonia :J schargc- which /vojic: otherwise cause 
seccnaary cut'C fi'O'ijtton as weii as the react:on 
e^-iCiency 3m the dini:rat!ng catalyst m the reactor 
IS high S'oce *he nitnDgen o<ides t the €;>:ha'js: 
gases are p^e\'rou5ly miv.ed sut^ciently and ^.n!- 
fc^mly an::! tne --ngioe orjwe-- is no* reduced 

An e^najst gas pun-^yng device I7i equippec 
wiin an engine mam body 1^0 shown n F.g 12 
I'lustrates an camoie developed for practicing the 
third and ^ne si'th asoects cf the oresent invention, 
in wn:ch ."; Supercharge^ 1 ^4 compressing in- 
laKQ air an j a rea':*or 1 75 are disposed to an 
exnaust gas pipe '73 m communication with a 
manifold 170 o* the engine mam bodv 170 

The S'jpe^narger 174 has a known mechanicai 
structure 'Or cc^mpressing air supplied to an engine 
by ut!licn:^ f^e pressure Df exnaust gases for en* 
ablirg the engir-^e p-ower to be increased, m which a 
tuibine blade or\ the sice cf an exhaust gas snarv 
net 176 ar^d a biov/er blade on the sice of air 
feeding are connected t^y w-ay of a shafi and. when 
the turbine blade on the S'Oe of tfie e>haust gas 
flow channel i "6 'S rotatec under the pressure of 
the exhaust gases the blower blade on the s.de of 
the air feed.ng s also rota-ed to sompress the in- 
take a'.'' for me engine 

Further, an ammonia transoort pipe l 78 is con- 
nected to an ammonia injection nozzle 1^7 dis- 
posed m an evhaust gas flow channel 176 n the 
e/naust pipe 1 73 at the upstream to the super- 
charger 1 74 and an ammonia control valve 1 79 
and an ammc^ia flow meter 1 80 are disposed to 
the amimonia transport pipe 1 78 as well as an 
amm.cnia vessel 179 is connec'ed to the pipe 178. 

Then, a fu ■ flow meter 182 ^or measuring the 
consumptmn amount of fuel supplied to the engine 
m.ain booy IT'O, the humidity detector 183 for nnea- 
surmg the humidity of in-tat<e air of the engme 
mam body 1 "0 are connected with a calculator 
134 whmh :s connected by Aay o* a ratio setter 
185 and an ammonia flow rate controller 186 to the 
ammonia contro: valve i 79 

That s m -esponse to the load cf the engme 
main body 170 respective signals from^ the fuel 
flow meter 182 and the m-take air humtidity detec- 
tor 183 are moutted into the calculator 184 In the 




'ec 0*0 me ^atio set:e^ 185, /micn tne amoun: c* 
amfTc-^ia to oe supc: eo s dete''minec oased on an 

= am.mc nia nitrogen ox ce ''at;o crevicusry set Dy the 
^at c setter ^35 

T^-'cn, the output '^om the ratio setter 185 is 
rpunec as an ammcria flow- -ate signal mto an 
ar^mcnia flow ^ate sontrolier 186, whicn controls 

'C C*rJ-OFF of tne am'^onia control valve 1 79 anc 
centre IS the amount o* the ammonia m.i/ed m tne 
e.^haus: gases 'lowing mto the reactor i 75 by way 
of tne Supercharger 1 T'4 

Emaus: gases are flown from the manifold 172 
cy wav of tne exnaust pipe 173. through the super- 
charge^ 174, into me reactor 175 charged with a 
ca^arys- i 87 

,Arrimonia is succlied from the ammonia vessel 
181 way C'T the ammonia transpC'rt pipe 1 52 

:c and af'er centre Ilea tc an optim.al flow rate by the 
amrmc-nia control valve 179, mixed by way of the 
ammc:nia miecfon noczle 177 m*o the exhaust gas- 
es m *he exhaust gas *!ow channel '76 at the 
L-pst'^oam to the supercharger 174, sufticientiv 

25 r^i>en ana sti-^ed wth the exhaust gases by the 
turbine blade C'f the supercharger 174 and mixed 
and dispersed as --equtred by a gas dispersion 
plate 1-38, entered into :he reactor 175 and passed 
^'^^ough the catalyst l87 and then reduces to re- 

30 rpi^ve the nitrogen o<ides m the exhaust gases. 

Tnen. the amount of ammonia suoolied is de- 
ter n^ in ed m fi roportion with the amount and the 
concentration cf the nitrogen oxides in the exnaust 
gases determined based on the measured values 

35 -Or" the humidity of m-take air and fuel consumotion 
amioun* of engine, by which ammonia at a more 
e>act optimal amount can be supplied, with good 
^esponsivity to the *otal amount of the nitrogen 
oxaes to the upstream, of the supercharger m the 

^0 e>nai:st gas Mow shanneis. and sufficiently and 
uniformly mixed in the course of passing through 
the supercharger and then flown to the reactor. 

Accordingly, the nitrogen oxides can always be 
'emoved efficiently m response to the engine load 

-5 w-thcu* hindering the movement of the diesel en- 
gine and with an imprc.ed reaction efficiency m 
the reactor, as well as residue of ammonia after 
remc'vai can ce suppressed as much as possible 
The present nvention wilt be explained refer- 
so nng to an example but the invention is not re- 
stricted only to the example 

EXAMPLE 

A TiO: honeycomb catalyst containing 2°o by 
weignt of V:0:; and "^o by weight of WO3 (3 2 mm 
diameter corresponding :o 150 mm square, 0 6 mm 
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cell wall thickness and 450 nr^m length) was 
charged by 6 x 6 in two layers to the reactor 175 in 
communication with the exhaust pipe 173 of a 
electric power generating diesei engine. 

The calculator 184 and the ratio setter 185 
were operated by the device 171 so that the 
ammonia/nitrogen oxide molar ratio was 0.85 and 
ammonia was injected into the exhaust gases in 
the exhaust pipe, and the engine was operated 
while varying the exhaust gas processing amount 
from 3,500 to 5,500 Nm^/hr. the exhaust gas tem- 
perature from 380 to 430" C and the nitrogen oxide 
concentration at the inlet from 700 to 950 ppm. 

In this case, the denitration ratio was 84 to 
86% and the ammonia concentration in the exhaust 
gases at the exit of the reactor was 0.5 to 1 .0 ppm. 

It can be understood from the above that the 
method is excellent in that it can remove the nitro- 
gen oxides at a high efficiency with less variation 
range for the denitration ratio, with extremely less 
ammonia discharge, which would otherwise cause 
secondary public pollution, as well as the reaction 
efficiency on the denitrating catalyst in the reactor 
is high since the nitrogen oxides in the exhaust 
gases are previously mixed sufficiently and uni- 
formly and the engine power is not reduced. 

An exhaust gas purifying device 191 equipped 
with an engine mam body 190 shown in Fig. 13 
illustrates an example developed for practicing the 
fourth and the sixth aspects of the present inven- 
tion, in which a supercharger 194 for compressing 
in-take air and a reactor 195 are disposed to an 
exhaust gas pipe 193 in communication with a 
manifold 192 of the engine main body 190. 

The supercharger 194 has a known mechanical 
structure for compressing air supplied to an engine 
by utilizing the pressure of exhaust gases for en- 
abling the engine power to be increased, in which a 
turbine blade on the side of an exhaust gas chan- 
nel 196 and a blower blade on the side of air 
feeding are connected by way of a shaft and, when 
the turbine blade on the side of the exhaust gas 
flow channel 196 is rotated under the pressure of 
the exhaust gases, the blower blade on the side of 
the air feeding is also rotated to compress the in- 
take air for the engine. 

Further, an ammonia transport pipe 198 is con- 
nected to an ammonia injection nozzle 197 dis- 
posed in an exhaust gas flow channel 196 in the 
exhaust pipe 193 at the upstream to the super- 
charger 194, and an ammonia control valve 199 
and an ammonia flow meter 200 are disposed to 
the ammonia transport pipe 198 as well as an 
ammonia vessel 201 is connected to the pipe 198. 

Then, a full flow meter 204 for measuring the 
consumption amount of fuel supplied to the engine 
main body 190, the humidity detector 205 for mea- 
suring the humidity of in-take air of the engine 



main body 190 are connected with a calculator 
206. which is connected by way of a ratio setter 
207 and an ammonia flow rate controller 208 to the 
ammonia control valve 199. 
5 That is, in response to the load of the engine 

main body 190, respective signals from the fuel 
flow meter 204 and the in-take air humidity detec- 
tor 205 are inputted into the calculator 206. In the 
calculator 206. the total discharge amount of the 
w nitrogen oxides is calculated and a signal is input- 
ted into the ratio setter 207. in which the amount of 
ammonia to be supplied is determined based on an 
ammonia/nitrogen oxide ratio previously set by the 
ratio setter 207. 
;5 Then, the output from the ratio setter 207 is 

inputted as an ammonia flow rate signal into an 
ammonia flow rate controller 208, which controls 
ON-OFF of the ammonia control valve 199 and 
controls the amount of the ammonia mixed in the 
20 exhaust gases flowing into the reactor 195 by way 
of the supercharger 194. 

Exhaust gases are flown from the manifold 192 
by way of the exhaust pipe 193, through the super- 
charger 194, into the reactor 195 charged with a 
25 catalyst 209. 

Ammonia is supplied from the ammonia vessel 
201 by way of the ammonia transport pipe 198 
and, after controlled to an optimal flow rate by the 
ammonia control valve 199. mixed by way of the 
30 ammonia injection nozzle 197 into the exhaust gas- 
es in the exhaust gas flow channel 196 at the 
upstream to the supercharger 194, sufficiently 
mixed and stirred with the exhaust gases by the 
turbine blade of the supercharger 194, and mixed 
35 and dispersed as required by a gas dispersion 
plate 210, entered into the reactor 195 and passed 
through the catalyst 109 and then reduces to re- 
move the nitrogen oxides in the exhaust gases. 
Then, the amount of ammonia supplied is de- 
40 termined in proportion with the amount and the 
concentration of the nitrogen oxides in the exhaust 
gases determined based on the measured values 
for the humidity of in-take air, fuel consumption 
amount of engine and feeding air temperature, by 
45 which ammonia at a more exact optimal amount 
can be supplied, with good responsivity to the total 
amount of the nitrogen oxides, to the upstream of 
the supercharger m the exhaust gas flow channels, 
and sufficiently and uniformly mixed in the course 
50 of passing through the supercharger and then flown 
to the reactor. Accordingly, the nitrogen oxides can 
always be removed efficiently in response to the 
engine load without hindering the movement of the 
diesei engine and with an improved reaction effi- 
55 ciency in the reactor, as well as residue of ammo- 
nia after removal can be suppressed as much as 
possible. 

The present invention will be explained refer- 
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EXAMPLE 

A TiC: '^creycomo cataivs: co^ia^ning 2^a ov 
<veiQhr 0^ V:tO^ and by weight cf WO: (3 2 -vm 
jiar^eter co^resconoipg to 150 square. 0 6 r^.m 
ze\' wail ihiCKPSss and 450 mm iengtn) .vas 
cna^ged by 6 x 5 in two layers to the reacto.- i 95 ir 
■7'jmmunica*ic r with the e<haust pice 193 or a 
eiectnc powe' generating diese' engine 

The caicjiator 206 and the ratio setter 297 
we^e coerated by the device 191 so that ine 
amrr^onia nit'ogen o;';de molar ratio was 0 35 a^^d 
annrnonia was injected into the exhaust gases in 
^he exhaust Oipe- and the engine was op-e^aied 
vvm'ie ';ar/ir-c the e-haust gas processing amount 
f^:Dm 3,500 'o 5 500 Nm,-hi, rhe exnaust gas tem- 
perature irorr. 380 tci 430 ' C and the nitrogen oxide 
concentration at the inlet from 700 to 950 Dpm 

In Uiis case, the deni-ration ratio was 82 to 
35^o and the ammon a conoertration m the exhaust 
gases at the exit or the -eaoror was 0 4 to 1 i oom 

I* can be understood from the above that the 
m,ethod s e>ce!lent in that it can rem.ove the nitro- 
gen Dxides at a high efficency with less variation 
range for the oenitration ratio, with e-itremely less 
ammonia cischarge, which would otherwise i.:ause 
secondary puolic pollution, as well as the reaction 
efficiency on the dinitrating catalyst m the reactor 
IS ^ign S'nce the nitrogen oxides :n the exhaust 
gases are previously mixed sufficiently arid uni- 
form'y and the engine power is not recuced. 

^he shaoe of the catalyst used m the oresent 
invention can include pellet-liRe, spherical granul- 
lar clate-like tubular, honevcomb-like shape, etc 

'n particular, a honeycomb-ltke shace is ore- 
f^rrs'.-i Since tne necessary amount of the catalyst 
may be ^educed because of large geometri.:al sur- 
face area and low pressure loss in the :atalyst 
layer 

There are no particular restrictions for the cata- 
lyst compositions used m the oresent invenTiC'n and 
a catalyst mainty comprising titanium or a zeolite 
type catalyst is oreterred. 

In oarticular a preferred result can be provided 
by a catalyst comprising a titanium-contaming ox- 
ide as the ingredient A by from 60 to 99 5^o by 
we gnt and an ox:Ge of at least one elem.ent se- 
lected 'rom the group consisting of vanadium 
tungsten, molybdenum, manganese, copper, iron 
cobait, cerium and tm as the ingredient B within a 
range from 0 5 to 40% by weight 

A oreferred result can be provided by an oxice 
containing titanium as the catalyst ingredient A and 
it can include, for example, titanium oxide, a binary 



^ere-^eo :c as '!C';-SiO:« a o -ary :o^ocs :e cx oe 
:■ t'^an um are Z:rccn:um. a ternary ccmoosite ox- 
:ie :cm:Dns.ng titar^iur^. . s 'iccn anc zirconium, etc 

f A p'-eterred result can be proviced with the specific 
surface area of the ^ngred;e^t A of greater than 
■ Om^ 5, oarticu arly . greater rr an 20 m- g. 

A: -ne reducing agent used m the present 
invention there can DO employed ammonia gas. 

•: aqcec jS ammonia ana o*cer jrea, as we!i as am- 
moT'cm salt sucn as am=mcnium nitrate that re- 
leases ammonia upon neat decomposition. The e>:- 
naus* gases discharged f-om a diesei engine as 
h'.e object of the present invention usually ccmi- 

:f pnse a comoosition containmg frcm 10 to 1000 
pom -^f ammonia, 2 to 2l=c oy volume of oxygen. 
5 t: 15°. by volume of gaseous carbon dioxide, 5 
to ^5=0 oy volume cf water content 0 02 to 1 
g r^m- cf sect and about 200 to 3000 ppm of 
nitrogen oxide However, there is no particular re- 
str.ct;cn for tne range of the comoosit-ons so long 
as they are exnaust gases discharged 'rom internal 
combustion engines such as diesel engines or gas 
engines As tne processing condition reaction tem- 

J5 peratjre from 150 to 550'C, particularly. 200 to 
600 " C IS preferred. 

The spacial gas velocity is preferably w thm a 
range from 2,000 to 100,000 hr-7 particularly, 
5 000 to 50.000 hr-- 

30 P^e*erred addition amount of ammonia ts from 

0 3 to 1 2 parts bv volume based on one part by 
volume of the nitrogen oxides and it is used, pref- 
eraol;'. at a molar ratio of ammonia nitrogen o>:ide 
of 'ess than 1 since it is usually required to sup- 

35 press unreacted ammonia as less as possible. 

Advantageous effects obtained according to the 
present invemion are as follows. 

(1) Nitrogen oxides can be removed at high 
level wiin high efficiency m rapid response to 

40 aorupt change of the amount of nitrogen oxides 
along With the abrupt change of exhaust gas prop- 
erty and change of engine load, as welt as the 
amount of ammonia in the exhaust gases released 
together with exhaust gases after the removal of 

-5 nitrooen oxides can be minimized, thus causing no 
w(Drrv for secondary public oollution and providing 
a great practical merit. 

(2) The foregoing effect can be obtained by 
^wo measuring factors comprising the humidity of 

50 in-ta^e air as a specific factor and one cf selected 
factors, which is effective for power-saving of the 
device. 

(3) Since no adcitiona! oressure loss is caus- 
ed to the diesel engine, it does not reduce the 

55 power of the diesel engine 

f4^ Since the size of the injection nozzie for 
tne ammonia supply oort can optionally be se- 
lected, a worry that the injection nozzle is clogged 
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due to dusts in the exhaust gases is eliminated and 
maintainance such as cleaning is no more neces- 
sary. 

5 

Claims 

1. A method of removing nitrogen oxides in 
exhaust gases from a diesel engine by using a 
catalyst in a reactor under the presence of ammo- to 
nia, wherein a humidity of an in-take air as a 
specific factor and one or more of engine power. 

fuel consumption amount of engine, temperature of 
engine in-take air and exhaust gas temperature as 
selective factors are measured respectively as the /5 
measuring factors and the flow rate of ammonia is 
controlled based on said measured values and 
ammonia is supplied into an exhaust gas flow 
channel from the engine to the reactor. 

2. A method of removing nitrogen oxides in 20 
exhaust gases from a diesel engine as defined in 
claim 1, wherein the measuring factor comprises 

the humidity for in-take air, engine power and ex- 
haust gas temperature. 

3. A method of removing nitrogen oxides in 25 
exhaust gas from a diesel engine as defined in 
claim 1, wherein the measuring factor comprises 
humidity for m-take air, engine power, exhaust gas 
temperature and temperature of engine in-take air. 

4. A method of removing nitrogen oxides in 30 
exhaust gases from a diesel engine as defined in 
claim 1. wherein the measuring factor comprises 
humidity of in-taken air and fuel consumption 
amount of engine. 

5. A method of removing nitrogen oxides in 35 
exhaust gases from a diesel engine as defined in 
claim 1, wherein the measuring factor comprises 
humidity of in-taken air, fuel consumption amount 

of engine and temperature of engine in-take air. 

6. A method of removing nitrogen oxides in 40 
exhaust gases from a diese! engine as defined in 

any one of claims 1 to 5, wherein ammonia is 
supplied into the flow channel in the exhaust gas 
flow channel between a supercharger and a reactor 
downstream thereto. 

7. A method of removing nitrogen oxides in 
exhaust gases from a diesel engine as defined in 
any one of claims 1 to 5, wherein ammonia is 
supplied in the flow channel at the upstream of the 
supercharger in the exhaust gas flow channel. so 
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